AMINOGLYCOSIDE
6'-N-ACETYL-TRANSFERASE OF PSEUDOMONAS AERUGINOSA: STRUCTURAL REQUIREMENTS OF SUBSTRATE Sir:
As reported previously,1-5) aminoglycoside 6'-N-acetyltransferases [AAC (6' )] in R factorcarrying Escherichia coli and Pseudomonas aeruginosa are involved in the mechanism of resistance to several aminoglycoside antibiotics such as kanamycin, kanamycin B, 3',4'-dideoxykanamycin B (DKB) and ribostamycin. Gentamicin C1a and sisomicin are acetylated by these enzymes6, 7) . In this paper, we report the structural requirements of the substrate for the action of AAC(6') prepared from a strain of P. aeruginosa.
The supernatant (S-100) of 100,000g centrifugation of disrupted cells of P. aeruginosa GN315 was obtained by the method reported previously". Ten ml of the S-100 (60.2 mg protein per ml, total 42.1 u; 1 u was defined as the acetylation of 1 pmole of DKB per minute) was applied to an affinity column8) (DKB-Sepharose 4B, 10 ml) and AAC(6') was eluted with a linear gradient of sodium chloride from 0 to 1.0 M. After incubation for 15 minutes at 37°C, the reaction was stopped by heating in a boiling water bath for 3 minutes, and the reaction mixture was diluted with 7 ml of water. The solution thus obtained was passed through a column of Amberlite CG-50 resin (NH4+ form, 1 ml), and the column was washed with 10 ml of water. The acetylated antibiotic adsorbed on the column was eluted with 3 ml of 4 N aqueous ammonia directly into a scintillation vial. Radioactivity (dpm) of the acetylated antibiotic was counted by a liquid scintillation system (Aloka LSC-653) with 8 ml of BRAY'S scintillator.
In the case of methyl 2,6-diamino-2,6-dideoxy-a-D-glucopyranoside (Me-2, 6-AG) as substrate, Dowex 1-X4 resin (OH-form) was employed for the examination of the reaction mixture.
As shown in Table 1 , AAC(6') of P. aeruginosa GN315 transferred the acetyl to the 6'-amino group of kanamycin, 4'-deoxykanamycin, amikacin, kanamycin B, tobramycin, DKB, neamine, ribostamycin, butirosins A and B, and gentamicin C1a. These antibiotics showed no inhibition of the growth of P. aeruginosa GN315 at 100 ug/ml. 6'-N-Alkyl compounds such as 6'-N-methylamikacin, 6'-N-methyltobramycin and 6'-N-methyl-DKB were hardly acetylated, and inhibited the growth of this strain (MIC of 6.2525 pg/ml). Acylation of the I-amino group of kanamycin and DKB with (S)-4-amino-2-hydroxybutyric acid slightly decreased the 6'-N-acetylation, however, the 1-N-acylation of kanamycin B and neamine increased susceptibility to the 6'-N-acetylation.
Thus, the 1-amino group may be involved in the reaction of AAC(6'). It is noticeable that 6'-N-alkylation with 1-Nacylation prevents the 6'-N-acetylation. and also decreased the antibacterial activity. Acylation of the 3"-amino group of DKB had no effect on the 6'-N-acetylation, and markedly decreased the antibacterial activity.
From the fact that neamine is acetylated rapidly but Me-2,6-AG is not acetylated, the presence of 2-deoxystreptamine was suggested to be necessary for this enzyme reaction. Deoxygenation Table 1 . Acetylation of aminoglycoside antibiotics by AAC(6') and their minimal inhibitory concentrations against P. aeruginosa GN315 and A3. of the 4'-hydroxyl group of kanamycin decreased the 6'-N-acetylation, and this hydroxyl group is probably involved in the reaction.
However, dideoxygenation of the 3'-and 4'-hydroxyl groups (3',4'-dideoxyneamine and DKB) increased the rate of the 6'-N-acetylation.
The kinetic data are shown in Table 2 . The values of Vmax/Km for the antibiotics indicate the degree of susceptibility to the 6'-N-acetylation.
6'-N-Ethylamikacin, 1-N-[(S)-5-amino-2-hydroxy-n-valeryl] -6'-N -methyl -DKB and gentamicin C, showed the lowest affinity (K_>_2 x 10-3M) to the enzyme, and these antibiotics were hardly acetylated.
6'-NMethylamikacin, 6'-N-methyl-DKB, 6'-Nmethyltobramycin and 6'-N-methylkanamycin showed a low affinity (Km 1-2 x 10-3M), and they were acetylated slowly. 1-N-(DL-Isoseryl)-6'-N-methyl-DKB, l-N-[(S)-4-amino-2-hydroxybutyryl]-6'-N-methyl-DKB and gentamicin C2 showed relatively high affinity (Km 4.431 x 10-5 M), but low Vmax. It is noticeable that amikacin, kanamycin B, tobramycin, DKB, neamine and ribostamycin over 83 /IM exhibit substrate inhibition against the reaction of AAC(6'). Kanamycin C and paromamine which do not have the 6'-amino group were non-competitive inhibitors, and K1 values were 8.3 and 69.8 x 10-6M, respectively.
The data described above indicate that concurrent 6'-N-alkylation and 1-N-acylation yield active derivatives unsusceptible to the enzyme.
Depending on the sources, 6'-Nacetyltransferases are different in their substrate requirements10,11). The AAC(6') here studied one which has a low activity in acetylating 6'-N-methyl derivative. 
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